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Purpose: Surgical resection of kidney cancer invading the inferior vena cava (IVC) remains 
technically challenging. The invasiveness of surgical procedure and postoperative renal dysfunction 
are major concerns. We present a surgical technique of tumor resection in patients with IVC invasion.
Methods: Tumors showed various extensions, including suprarenal and suprahepatic lesions. 
Tumors were resected via IVC isolation with cardiopulmonary bypass (CPB) in 10 patients, while 
extended hepatic mobilization and Pringle maneuver were performed when necessary. The last eight 
consecutive patients underwent healthy-side renal vein drainage using CPB during IVC clamping 
to avoid renal congestion and postoperative renal dysfunction; the first two patients were without 
healthy-side renal vein drainage.
Results: Surgical resection was achieved with acceptable mortality (10%). Postoperative renal function 
was well preserved in nine patients, except for one patient without renal vein drainage. 
Conclusion: Radical resection of kidney cancer using healthy-side renal vein drainage helps preserve 
postoperative renal function.
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Introduction
The excision of kidney cancer invading the inferior 
vena cava（IVC）remains a technical challenge 
and requires careful preoperative planning１），２）． 
Postoperative renal insufficiency after radical 
nephrectomy with IVC resection is still a major 
concern３），４）．Clamping of the IVC and renal vein is 
ideal to gain a bloodless operative field for complete 
tumor resection．However, clamping of the renal 
vein on the healthy side during IVC clamping may 
induce renal and lower body congestion, resulting 
in postoperative renal dysfunction and lower limb 
compartment syndrome５），６）．
Recently, we introduced healthy-side renal vein 
drainage using cardiopulmonary bypass（CPB）
to preserve renal function following kidney cancer 
resection．Herein, we report the surgical results in 
patients who underwent resection of kidney cancer 




The operation was performed through median 
laparotomy．IVC encircling and clamping were 
performed proximal and distal to the tumor site．
CPB was established through the femoral artery and 
vein（Fig．1）．According to the tumor extension, 
the IVC was clamped at the level of the diaphragm, 
and the Pringle maneuver or median sternotomy and 
right atriotomy were performed when necessary．
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The IVC was incised at the level of the affected renal 
vein．Another drainage cannula was inserted into 
the renal vein of the healthy side through the inside 
of the IVC（Fig．2）．A pump sucker was not used 
to prevent tumor cell dissemination．Radical tumor 
resection, including the IVC wall, was performed, 
followed by reconstruction of the IVC defect．
Renal function analysis
To assess the perioperative renal function, we 
measured the serum creatinine level（mg/dL）at the 
point of preoperative, postoperative maximum level 
until discharge, and 3 months after the operation．
The data were statistically analyzed with paired 
t test, which were performed using BellCurve for 
Excel software（Social Survey Research Information 
Co., Ltd．）．p < 0.05 was considered significant． 
Patients
From January 2004 to December 2017, surgical 
treatment of renal cancers extending to the IVC 
was performed in 10 patients with the aid of CPB．
There were eight male and two female patients, with 
a mean age of 58.6 ± 11.0 years．Eight patients had 
renal cell carcinoma, one had renal sarcoma, and one 
had collecting duct carcinoma．The extension of 
the tumor was suprarenal in all cases: infrahepatic 
in five, intrahepatic in three, and suprahepatic with 
right atrial extension in two patients．
 Venous line  Arterial line 














Fig. 2Figure 1． The cardiopulmonary bypass （CPB） system. 
The CPB circuit includes centrifugal blood pumps, tubes, blood 
reservoir, membrane oxygenator, and arterial line filter.
Figure 2． Intraoperative photographs and schematic drawing.
A. The inferior vena cava（IVC）was cross-clamped and incised 
longitudinally. The tumor located inside of the IVC is shown（black 
arrow）. Healthy-side renal vein was cannulated for venous drainage. 
B. The IVC was reconstructed using a bovine pericardial patch. 
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Results
Radical nephrectomy using CPB with healthy-
side renal vein drainage was performed in the 
last 8 patients, except for the first 2 patients who 
underwent simple renal vein clamping without 
healthy-side renal vein drainage．The IVC wall 
was closed directly in 2 patients．The defect of the 
IVC was reconstructed using a bovine pericardial 
patch in 5 patients and a prosthetic graft in 3．The 
serum creatinine level was elevated in 1 patient 
who underwent tumor resection without healthy-
side renal vein drainage（Fig．3）; the patient died 
10 days after surgery due to pulmonary embolism．
In patients with healthy-side renal vein drainage, 
the serum creatinine level was elevated immediately 
after the operation．However, there was no 
significant difference in serum creatinine levels 
between the preoperative and late postoperative 
period（at discharge）．Nine patients showed good 
postoperative recovery and were discharged from 
the hospital without renal dysfunction．
Discussion
Surgical resection of kidney cancer invading the 
IVC is technically challenging．Simple nephrectomy 
can be performed using partial clamping of the IVC 
when the extension of the tumor is limited７）．The 
use of CPB is known to have adverse effects to the 
immune system８）．Tumor resection without CPB 
is oncologically safe and ideal．However, the aid of 
CPB is necessary for radical resection of extensive 
kidney cancer．In contrast, favorable results have 
been reported in patients who underwent radical 
resection of kidney cancer under CPB９），10）．
In patients with extensive kidney cancer, radical 
nephrectomy tends to necessitate prolonged IVC 
clamping time．Simple clamping of both the IVC 
and the healthy-side renal vein can be a risk factor 
for acute kidney injury（AKI）, and a clamping 
duration of more than 20 min elevates this risk３）． 
Furthermore, postoperative AKI is known to affect 
the postoperative mortality11）．However, the invasive 
nature of the surgical procedure and postoperative 
renal dysfunction are still major concerns．
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Figure 3． Preoperative and postoperative serum creatinine level.
The serum creatinine level was elevated in patients who underwent 
tumor resection without healthy-side renal vein drainage. In patients with 
healthy-side renal vein drainage, the serum creatinine level was elevated 
immediately after the operation. However, no significant difference was 
found in the serum creatinine levels between the preoperative and late 
postoperative period in patients who underwent healthy-side renal vein 
drainage（p > 0.05）. 
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of the healthy-side renal vein with CPB to improve 
surgical outcomes for patients with kidney cancer 
invading the IVC．Postoperative AKI did not 
develop after radical nephrectomy in our series 
except in one patient without renal vein drainage．
Especially in patients who require prolonged renal 
vein clamping time for radical nephrectomy, we 
consider our proposed technique to be useful for 
avoiding renal congestion, resulting in postoperative 
renal dysfunction．
Limitations
This study was based a single-center experience, 
with small sample size．The usefulness of this 
healthy-side renal vein drainage needs to be verified 
in a study with bigger sample and longer study 
period．
Conclusions
We report the surgical results in patients who 
underwent resection of kidney cancer using CPB in 
combination with healthy-side renal vein drainage．
This technique is considered to be useful for avoiding 
renal congestion and preserving postoperative renal 
function．
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